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Abstract. Images of the central region of the almost edge- 
on Sc galaxy NGC 3079 in the J, H and X-bands and in the 
V — 1^0 S(l) line of molecular hydrogen are presented. The 
inner few kiloparsecs of NGC 3079 exhibit a large range of 
near-infrared colours caused by varying contributions from di- 
rect and scattered stellar light, emission from hot dust and ex- 
tinction gradients. Our results show that interpretation of the 
observed light distribution requires high-resolution imaging in 
order to separate the different effects of these contributions. 

The central 1" (87 pc) of NGC 3079 suffers a peak extinc- 
tion Ay 6. Its extremely red near-infrared colours require 
the additional presence of hot dust, radiating at temperatures 
close to lOOOK. The least reddened eastern parts of the bulge 
require either a contribution of 20% of light in the J-band from 
a younger population in a stellar bar or a contribution of 20- 
30% from scattered starlight; scattered light from a nuclear 
source would require a less likely emission spectrum Si, oc v 
for that source. 

The nucleus is surrounded by a disk of dense molecular 
material, extending out to a radius of about 300 pc and with 
a central cavity. Bright H2 emission and emission from hot 
dust mark the hole in the CO distribution and trace the inner 
edge of the dense molecular disk at a radius of 120pc. Less 
dense molecular gas and cooler dust extend out to radii of about 
2kpc. In the inner few hundred parsecs of NGC 3079, H I spin 
temperatures appear to be well below 275 K and the CO-to-H2 
conversion factor has at most 5% of the Galactic value. An un- 
derabundance of H2 with respect to CO is consistent with the- 
oretical predictions for environments subjected to dissociative 
shocks, where reformation of H2 is impeded by high dust grain 
temperatures. The overall molecular gas content of NGC 3079 
is normal for a late-type galaxy. 

Key words: galaxies: active - individual: NGC 3079 - ISM - 
nuclei; infrared: galaxies 
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1. Introduction 

NGC 3079 is a bright and highly inclined late-type spi- 
ral galaxy (SB(s)c: De Vaucouleurs et al. 1976; Sc(s)II-III: 
Sandage & Tammann 1987) accompanied by the lesser galax- 
ies NGC 3073 and MCG 9-17-9. The group distance is es- 
timated to be 16Mpc for Hq = 75kms~^ Mpc~^ (Irwin & 
Seaquist 1991). For consistency with Hawarden et al. (1995; 
hereafter HIGW), we will assume a distance of 1 8 Mpc (Aaron- 
son & Mould 1983) in the remainder of this paper. Some basic 
properties of NGC 3079 are given in Table 1 . 

On both sides of NGC 3079, strong lobes of radio contin- 
uum emission extend several kiloparsecs from the plane along 
the minor axis (De Bruyn 1977; Seaquist et al. 1978; Duric et 
al. 1983; Duric & Seaquist 1988), in the inner parts associated 
with filamentary Ha and [N ll] emission interpreted as the sig- 
nature of a powerful outflow from the nucleus with velocities of 
up to 2000 km s"^ in a cone of large opening angle (Heckman 
et al. 1990; Filippenko & Sargent 1992; VeiUeux et al. 1994). 
In contrast to the radio lobes, the optical filaments are only seen 
at the eastern side of the disk, indicating that the western side 
suffers higher extinction. 

In the disk of NGC 3079, radio continuum emission ex- 
tended over 28" x 17" (2.4 x 1.5 kpc) surrounds a very com- 
pact (size about 1 pc) radio core (Seaquist et al. 1978; Irwin & 
Seaquist 1988; Duric & Seaquist 1988; Baan & Irwin 1995) 
which agrees in position with an X-ray point source (Fab- 
biano et al. 1992) and strong H2O masers (Henkel et al. 1984 
and references therein). Based on VLBI observations, Irwin & 
Seaquist (1988) argued that the outflow originates from a cen- 
tral compact object rather than from a more extended starburst 
region. 

In NGC 3079, CO emission is concentrated in the centre 
(Irwin & Sofue 1992; Sofue & Irwin 1992). Out to radii of 5"4 
(470 pc), the molecular gas exhibits solid body rotation with a 
maximum rotational line-of-sight velocity of 330 km s^^. The 
steep velocity gradient and the finite angular resolution of about 
4" create the false impression of an unresolved CO emission 
peak at the nucleus. However, position- velocity maps (in par- 
ticular Fig. 5b in Sofue & Irwin 1992) show the existence of 
a small nuclear hole in the CO distribution, similar to the sit- 



2 



F.P. Israel et al.: The obscured circumnuclear region of the outflow galaxy NGC 3079 



Table 1. Properties of NGC 3079 



Type" 


Sc(s)IHII 


R.A. (31950)'''= 


09'^ 58"" 35?0 


Decl.(B1950)'''= 


55° 55' 15" 


b,d 

Vhcl 


1125 (Hi) - 1145 (CO) kms"^ 


Distance D'' 


18Mpc 


Inclination i'' 


84?5 


Position angle P'' 


166?5 


Luminosity Lg 


3.4 X 10"' Lq 


Luminosity Nucleus L^i^ 


0.7 X 10"' Lq 


Scale 


11.5"/kpcor87pc/" 



" RSA (Sandage & Tammann 1987) 

''Hi observations, Irwin & Seaquist (1991) 

"^Baanfe Irwin (1995) 

Sofue & Irwin (1992); Braine et al. (1997) 
" Aaronson & Mould (1983), for Ho = 62 km s"^ Mpc"^ 
^ Fabbiano et al. (1992) 
» Hawarden et al. (1995) 



uation found in the equally highly incUned galaxy NGC 253 
(Israel et al. 1995). 

Duric & Seaquist (1988) explained the then-observed phe- 
nomena with a model in which the observed radio structures 
result from a strong nuclear wind focussed into a bipolar out- 
flow by a dense circumnuclear disk. This model was supported 
by HIGW on the grounds that the observed properties of the 
centre of NGC 3079 cannot be explained by a (circum)nuclear 
starburst, but rather point to the existence of an active nucleus 
vigorously interacting with its gaseous surroundings. HIGW 
conclude that the H2 vibrational line emission is not excited by 
X-rays or UV photons. Instead, they argue that kinetic energy 
of fast shocks generated by wind impact on the molecular gas 
disk is converted into H2 line mission, with the low efficiency 
expected for such a mechanism, and that the extended mid- 
infrared emission from NGC 3079 arises from shock-heated 
dust. 

HIGW did not obtain images of the H2 distribution, 
and only barely resolved its emission. Because NGC 3079 is 
seen almost edge-on, its centre suffers considerable extinction 
(Forbes et al. 1992; Veilleux et al. 1994), leading to some un- 
certainty in the near-infrared luminosities discussed by HIGW. 
In order to verify the conclusions reached by them, a further in- 
vestigation of the nuclear H2 emission and the properties of the 
central region of NGC 3079, by high resolution imaging of the 
J, H and ii'-band continuum emission as well as the v = 1^0 
S(l) H2 line emission, was deemed desirable. 

2. Observations 

2.1. Broad-band images 

The J, H and iC-band images were obtained on 1994 May 18at 
UKIRT under non-photometric conditions using IRCAM3, the 
UKIRT near-infrared imaging camera, through standard J, H 
and if-band filters (1.25, 1.65 and 2.2 jim respectively), on a 



Santa Barbara Research Corporation InSb array of 256x256 
pixels, with a pixel scale of 0'.'286 on the sky, resulting in a 
73" field. The image of a foreground star at Aa = -|-15", 
A(5 = +2" was used to align the different frames. The flux 
calibration of the individual images was derived from the syn- 
thetic aperture photometry by Forbes et al. (1992), using their 
largest (12") aperture values in order to minimize the effects of 
positional differences. Consistency checks using their smaller 
aperture values revealed deviations of up to 3%, which can be 
regarded as the uncertainty of our flux calibration procedure. 
The effective resolution of the final images, measured from the 
foreground star referred to above, is I'.'O 

2.2. Molecular hydrogen vibrational emission line images 

The H2 f = 1^0 S(l) images were obtained in May 1992 us- 
ing the near-infrared Fabry-Perot imaging spectrometer FAST 
(Krabbe et al. 1993) at the Cassegrain focus of the 4.2 m 
William Herschel Telescope (WHT) at Roque de los Mucha- 
chos at La Palma, Spain. The FAST camera used a Santa Bar- 
bara Reserarch Corporation 58x62 InSb array with a pixel 
scale of 0"5 and a field of about 30" x 30". Dispersion was 
provided by a Queensgate scanning Fabry-Perot interferometer 
with a spectral resolution (A/AA) of 950 at 2.13 /xm (corre- 
sponding to a velocity resolution of 315 km s~^), used in tan- 
dem with a A/AA = 45 cold circular variable filter (CVF) as 
order sorter. The seeing was about 1'.'2. Because the S(l) line 
has a full width at 20% intensity of 630 km s"'^, we took line 
images not only at the systemic velocity but also at velocity off- 
sets of ±282 kms~^, as well as line-free continuum images at 
velocity offsets ±707 km s~^, i.e. at five velocity settings in to- 
tal. Several sets of images were obtained with exposure times of 
150 sec each. Sky frames were obtained at a position 6' east of 
the nucleus. After subtraction of the dark current, the individual 
frames were flatfielded and sky-subtracted. The resulting line- 
plus-continuum images were corrected for atmospheric trans- 
mission and instrumental response with the use of the standard 
stars HR3888 and HR4550. Finally, the mean of the contin- 
uum on either side of the line (velocity offsets ±707kms~^) 
was subtracted. The resulting line images were co-added, yield- 
ing line flux maps with a total integration time of 1650 sec at 
the systemic velocity and 750 sec each for the images offset in 
velocity by ±282 km s"^ 

We also obtained images at the wavelengths of Br7 
(2.1655 /zm) and [Fell] (1.6435 fjm), centered on the systemic 
velocity under good conditions (seeing 0"8). Total integra- 
tion times were 2000 sec and 1500 sec respectively. Resulting 
r.m.s. noise figures are 1.5 x 10~^Wm~^sr~^ for Br7 and 
1.5 X 10-^Wm-2sr-i for [Fell]. 

No [Fe II] emission was detected, but the Br7 image shows 
weak emission centred on the nucleus, just above the noise 
level and extended over about 3". The total measured flux 
of about 5 X 10~^^Wm~^, is reasonably consistent with 
the marginal detections by HIGW: i^(Br7) = 2.9 ± 1.2 x 
10~^^ W mT^ in a large aperture CVF spectrum and _F'(Br7) = 
1.2 ±1.0 X 10-" W m-2 in a 3" UKIRT CGS4 aperture. Taken 
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Fig. 1. Near-infrared continuum images of the central 1.'14 of NGC 3079 in the i^-band (top left), the _ff-band (top right) and the 
J-band (bottom left). Contour levels are 0.1, 0.2, 0.4,0.6, 1, 1.5,2, 4, 6, 10and20 xlO'^W m'^ fim'^ st'^ (if-band), 0.5, 0.75, 
1, 1.5,2, 2.5,5, 10and20 xlQ-^ Wm-Vm"^ sr"! (F-band), 0.75, 1.5,2.25,3,4,5,7.5, 10and20 xlQ-^ Wm-Vm"^ sr"! 
(J-band). The frame at bottom right shows the K/ J-band flux ratio, with contours at ratios of 0.3 to 1.5 in steps of 0.2; the 
reddest regions are darkest. Positions are relative to the -fC-band peak. 



at face value, these rather uncertain data suggest the presence 
of weak and diffuse ionized hydrogen extended over the inner 
1 — 2 kpc, and somewhat concentrated near the nucleus. 



3. Results 



3.1. Broad-band images 

The J, H, and if -band images and a J/K image are repro- 
duced in Fig. 1. 

The differences between the broad-band images primar- 
ily reflect the wavelength-dependent effects of extinction. The 
strong east-west asymmetry, most clearly seen in the J-band 
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Fig. 2. Near-infrared colour profiles in 1" apertures along the 
major axis (top panel) and along the minor axis (bottom panel) 
of NGC 3079. Positions are with respect to the peak of the K- 
band peak. 



image, is caused by dust extinction in the western half of the 
galaxy. With increasing wavelength, the light distribution be- 
comes more symmetrical and more pronouncedly peaked, al- 
though symmetry is not perfect even at i^-band, suggesting 
obscuration of the nucleus even at this wavelength. The J and 
K/ J images indicate the presence of at least two dust lanes: 
one cuts off the bulge light, the second betrays its presence by 
bays of reduced emission in the J-band image, corresponding 
to an extended reddened zone in the K/ J image about 10" west 
of the nucleus, parallel to the midplane. The relatively well- 
defined western edge in the J-band image may represent a third 
dust lane, seen as a thin layer of enhanced reddening between 
the other two dust lanes in the K/ J image. The north-south 
asymmetry apparent in the images suggests higher extinction 
north of the nucleus than south of it. East of the nucleus, the 
bulge light appears to suffer less extinction, and a bulge with a 
peanut-shaped light distribution is apparent (Shaw et al. 1993). 
The asymmetries along the major and along the minor axes are 
further illustrated by the near-infrared colour profiles shown in 
Fig. 2. 

Lawrence et al. (1985) noted a displacement of the 10 /um 

and radio peak (presumably marking the true nucleus) from the 
visual peak by 5" in a northwestern direction. The near-infrared 
images at wavelengths intermediate between 10/xm and the vi- 
sual show the same effect but, as expected, to a lesser degree. 
Going from J to K, the intensity peak shifts to the west by 0'.'9. 

All three images (especially the J-band image) show a sec- 
ondary maximum 8" south of the main peak. The lower res- 
olution 0.8 mm continuum map by HIGW shows the central 



Fig. 3. H2 u = 1— >0 S(l) emission line surface brightness im- 
ages of the centre of NGC 3079. "Channel" maps represent 
emission integrated over 315 km velocity intervals, at cen- 
tral velocities (relative to the systemic velocity of NGC 3079) 
indicated in the figures. The sum of the three channel maps is 
at bottom right. Contour values are 2, 4, 7, 10, 13, 16 and 19 in 
units of 10~* Wm~^ sr~^ for the channel maps, and 4, 8, 12, 
18, 24, 30, 36, 42 and 48 again in units of 10"^ Wm-^ sr"! 
for the map of integrated emission. Positions are relative to the 
peak position of the integrated H2 emission. The cross marks 
the position of peak broad-band 2.1 /im emission. 



source to be elongated in this direction, and the radio contin- 
uum maps by Duric et al. (1983) and Baan & Irwin (1995) show 
enhanced emission at this position, with a 1.4 — 5.0 GHz radio 
flux density of about 0.5 mJy. The apparently flat radio contin- 
uum spectrum, implying mostly thermal emission, is consistent 
with the intensity of the bright HaH-[N ll] knot visible in Fig. 1 
of Veilleux et al. (1994) at this position. The object thus appears 
to be a massive star forming region; its location, especially in 
the HaH-[N ii] image, suggests that it is part of a spiral arm, and 
at a projected distance from the nucleus of about 700 pc. Its ra- 
dio intensity implies the presence of a few hundred OB stars. 
The J-band image contains a few more, weaker peaks farther 
out in the disk of NGC 3079 (e.g., at -2.5, +30), which may 
likewise represent concentrations of luminous stars. 

3.2. H2 images 

In Fig. 3 we show the line surface brightness maps of the H2 
emission from the centre of NGC 3079. As the velocity sepa- 
ration is only 10% less than the velocity resolution, the "chan- 
nel" images are largely independent. The H2 distribution has a 
relatively sharp western edge and a more wispy eastern bound- 
ary. The peak of the total H2 emission is located 0'.'9 north of 
the 2.13 /im continuum peak marked by a cross in Fig. 3. This 
offset is real and accurate, since both the continuum and line 
images are extracted from the same data set. In Fig. 4 we fur- 
ther illustrate this offset by plotting the outline of the total H2 
emission on a contour map of the 2.13 /xm continuum distribu- 
tion. 

The peak of the H2 emission is found at accurately the same 
position in all of the three channels maps of Fig. 3. Because the 
emission line is widest at this position, we identify it with the 
dynamical centre of the H2 emission. This position thus likely 
marks the obscured nucleus of NGC 3079. The position offset 
of the K-hand continuum nucleus towards the south indicates 
that extinction still plays a role in this wavelength region and 
that the H2 emission may suffer less extinction than the contin- 
uum. 

The H2 distribution in Fig. 3 can be schematically de- 
scribed by a bright central component superposed on more 
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Fig. 4. The outline of the compact total H2 u = 1^0 S(l) line 
emission plotted on top of a contour map of the more extended 
2.1 yum continuum emission. H2 contour values are 5, 20 and 
40 in units of 10^^ W m^^ sr^^; continuum contours are 10, 
20, 30, 50, 75, 100, 150, 200, 300, 400, 600, 800 and 1000 in 
arbitrary units. 

extended emission. The bright central component measures 
3"x2" (260xl75pc) in the integrated H2 map. In the cen- 
tral channel, this component is elongated with diameters of 
3" X 1'.'4 at position angle PA = 147 ± 5°, nominally devi- 
ating from the extended disk position angle. At the outlying 
velocities, the peak surface brightness of this component has 
dropped by a third and the shape is more circular with a diam- 
eter of 1'.'9. Thus at the outlying velocities, the central bright 
H2 component is less extended in the plane of the galaxy and 
more extended perpendicular to the plane than at the systemic 
velocity. This result will be discussed further in Sect. 4.2.2. 

The more extended emission is fainter. In integrated H2 it 
measures 6" — 7" along PA = 157°, closer to the position angle 
PA = 166?5 of the disk (Table 1) In the perpendicular direc- 
tion, its extent is hard to determine because of the dominating 
presence of the central component. The channel maps show the 
extended component to be rotating, with the south receding and 
the north approaching. 

The integrated intensity of the H2 u = 1^0 S(l) line emis- 
sion in Fig. 3 is 7 X 10~^^ W m~^, which is about two thirds of 
the line strength found by HIGW from spectrophotometry. 

4. Analysis and discussion 

4.1. Continuum colours 

As noted by HIGW, the stellar absorption spectrum of the nu- 
cleus at 2.3 iJ.m and the overall spectral shape of the near-IR 
continuum suggest that out to 5 /xm the radiation from the cen- 
tre of the galaxy is dominated by emission from late-type (su- 
per)giants in the bulge. Near-infrared photometry was pub- 
lished by Lawrence et al. (1985), Wilhier et al. (1985) and 
Forbes et al. (1992). The colours derived by Forbes et al. (1992) 
suggest relatively low extinction, but this must be interpreted as 
a lower limit because these authors used fairly large apertures, 
and, more importantly, first aligned the peaks of their J, H and 
if-band images, while we have noted in Sect. 3.1 that these are 
actually displaced from one another. The colours measured by 
Willner et al. (1985) suggest that the central 6" of NGC 3079 
suffers a high extinction Ay ~ 7 — 11™ (their Figs. 2 and 3). 
HIGW analysed the available data and concluded to a "best" 
value Ay = 7™2 ± G™9 for the central 6". 

We have used our accurately aligned J, H and iC-band im- 
ages to produce the two-colour diagram shown in Fig. 5, and we 
analyse the colours of the various regions in NGC 3079 in the 
following sections. The curves marked "screen" and "mixed" 



in this figure indicate the effects upon the observed colours 
of extinction by respectively foreground dust and dust uni- 
formly mixed with the stellar population. In the former case, 
-fobs = Io^~^, while in the latter case. Jobs = Io{^ — e~^)/T, 
where Jobs and Jq are respectively the observed and intrinsic 
intensities. A Galactic extinction curve is assumed. 

4.1.1. The outer bulge 

The H — K colour observed from the outer bulge (i.e., positions 
4" or more east of the disk) agrees well with that of typical 
bulges, but the J — H colour is about 0™20 bluer. These results 
are similar to those found by HIGW in a 6" aperture. From the 
observed if-band absorption features, HIGW determined that 
the mean spectral type of the bulge population dominating the 
if-band light is MOIII, reasonably consistent with the "bulges" 
zeropoint in Fig. 5 and with the observed H — K colour of 
the eastern bulge in NGC 3079. This leaves the blueness of the 
eastern bulge in J — to be explained. HIGW note that blue 
colours also prevail at wavelengths shorter than 1 /xm and that 
these colours point to the contribution of young stars at 1 /xm 
and shorter wavelengths. There are several possibiUties. 

1. The blueness of the eastern bulge could be due to a contri- 
bution of scattered light from a nuclear source. As shown in 
Fig. 5, scattered power law emission with S^, oc z/" around 
1 yum would require a ~ 1, and would have to contribute 
about 35% of the J-band emission of the eastern bulge. 
However, the power law nuclear emission found in active 
galaxies typically has a much lower exponent around 1 /xm, 
e.g., a — 1 in the sample of 34 Seyferts of Kotilainen et 
al. (1992), where no object has a > 0. 

2. The bulge of NGC 3079 is peanut- shaped (Fig. 1). This is 
usually taken as the signature of a stellar bar (Combes & 
Sanders 1981; Kuijken & Merrifield 1995). Bars frequently 
harbour enhanced star formation, and the bar potential al- 
lows young stars in the bar to migrate into the peanut-like 
features. If this explanation is correct, these stars would 
have to contribute about 20% of the J-band light on the 
assumption of a characteristic spectral type AOV. 

3. Alternatively, the relative blueness of the the eastern bulge 
could be due to a contribution by scattered starlight. For 
instance, a reddening corresponding to Ay = 2.7 mag (i.e. 
50% light loss at J) combined with a contribution of 30% 
scattered light at J will match the observed colours to the 
typical bulge colour. If instead we assume extinction by 
dust mixed with stars, Ty = 5 (75% light loss at J) and 
a slightly smaller contribution by scattered light (20% at J) 
will also explain the observed colours. Scattering of blue 
light from the young disk population, contributing about 
20% of the observed J-band light likewise is a viable al- 
ternative, and consistent with the overall optical blueness, 
{B—V)o = 0.46 (RC2), of this edge-on galaxy. For various 
reasons (see Kuchinski & Temdrup 1996) these are only 
crude estimates; nevertheless they all suggest that scattered 
light contributing of the order of 20-30% to the observed 
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Fig. 5. Two-colour diagram of 
NGC 3079 near-infrared emission. 
Circles of various sizes indicate 
colours in 1" apertures along the disk 
of NGC 3079 (assumed position angle 
166?5), displaced by the indicated 
amounts from the nucleus, assumed 
to be at the dynamical centre of the 
H2 emission. Open circles represent 
the disk north of the nucleus, while 
filled circles denote positions south 
of the nucleus. In addition, rectangles 
indicate the colour ranges found in 
the eastern bulge well away (> 4") 
from the disk (labeled "Bulge"), in 
the disk well north and south of the 
nucleus ("Disk") and in dust lane west 
of the nucleus ("Dust lane west"). For 
comparison, the colours of unreddened 
bulges (Kuchinski & Terndrup 1996) 
are indicated by the large open circle 
("bulges"). Solid curves identify the 
observed colours of Galactic main 
sequence stars of approximately solar 
abundance (curve marked "V") and of 
(super)giants (curve marked "I-IH") of 
the indicated spectral types (Koornneef 
1983). Additional solid lines show 
the effects upon the observed colours 
caused by the presence of emission 
from hot (500 or lOOOK) dust con- 
tributing 30% of the observed i^-band 
flux, extinction by foreground dust 
for Ay = 1"' to 5"' in steps of 1™ 
("screen"), extinction by dust mixed 
with the stars with F-band opacities 
TV of 0, 1, 2.5, 5, 10, 15, 20, 25, 
30, 40, 50 and 00 ("mixed"), and the 
presence of a blue power law (5y oc 1^) 
contributing 0, 20, 40, 60, 80 and 100% 
of the observed J-band emission. 



J-band emission of the outer bulge is required to explain its 
near-infrared colours. 

4.1.2. Disk and western dust lane 

In the disk away from the central part of NGC 3079, the colours 
of the stellar population must correspond to a mean spectral 
type earUer than those indicated by the "bulges" zeropoint, 
i.e. close to those of the "main-sequence line" in Fig. 5. If, 
for instance, a mean spectral type AO is assumed for the in- 
trinsic "disk" colours, a "screen" reddening corresponding to 
Ay = 6™ would be required; the dust lane would require a 
mean spectral type of early B and Ay = 8™. Since recent star 



formation is associated with dust, this result is reasonable. Al- 
ternatively, the "mixed" extinction model may be a more ad- 
equate representation of the relative distributions of stars and 
dust in the disk of the galaxy. This model suggests a mean 
spectral type of late F or early G, but also rather high values 
Ty = 10 — 20 for the extinction optical depth. In reahty, a 
combination of "screen" and "mixed" extinction is probably 
appropriate, and intermediate values for both spectral type and 
visual light loss are obtained by varying the relative importance 
of "mixed" and "screen" extinction. The present data do not al- 
low us to draw a firm conclusion as to which combination is 
preferred. 
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4.1.3. Stellar emission and if-band excess in the central 
kiloparsec 

In Fig. 2a, we have shown the J — H and H — K colours in 
1" diameter apertures along the major axis of NGC 3079. A 
number of these positions are also marked in Fig. 5,. Towards 
the nucleus, the colours redden rapidly, reaching peak values 
{J - H) = V?b, {H - K) = V]^2 at the nuclear- arcsec^ 
(87x87pc). As Fig. 5 shows, the {H - K) colour within 3" 
from the nucleus is far too red to be explained by either the 
"screen" or the "mixed" extinction curves in Fig. 5, so that ex- 
cess emission must be present in the if -band. The amount of 
excess if -band emission implied by the near-infrared colours 
depends, however, on the choice of extinction model. We argue 
here that the "screen" model is appropriate, for the following 
reasons. 

1 . First and foremost, the fact that NGC 3079 is very nearly 
edge-on {i = 84 ?5) and displays prominent dust lanes im- 
plies that the nuclear region must undergo a large amount 
of foreground ("screen") extinction. 

2. The occurrence of fast outflows from the nuclear region re- 
quires a significant central volume swept clear of gas and 
dust. Indeed, Sofue & Irwin (1992) have noted the presence 
of such a "hole" with a diameter of about 2'.'5 in the CO dis- 
tribution. Stars in this central cavity will therefore undergo 
only foreground extinction. 

3. We may use the 0.8 mm continuum measurements by 
HIGW to estimate the column density of the emitting dust, 
and hence its visual optical depth and extinction. From 
Hildebrand (1983) and Savage & Mathis (1979) we de- 
rive for a dust emissivity proportional to A^^-^ the rela- 
tion Ay = 2 X 10'' To. 8, with a factor of about two un- 
certainty but independent of actual dust-to-gas ratios. In 
a 16" aperture, HIGW determined an 0.8 mm flux den- 
sity of 0.35 Jy for the unresolved central source, implying 
''0.8 = 6.4 X 10^'' for a dust temperature = 35K (see 
e.g. Braine et al. 1997). Since the emitting material sur- 
rounds the nucleus, only half of it will contribute to the 
extinction. Thus, the submm result implies an extinction 
Av = 6'?^5 ± 0™8 or optical depth Ty = 6.0 ± 0.7. Fig- 
ure ^ shows that this value of ry would not nearly produce 
the required reddening if the dust were mixed with the stars. 
Hence a dominant foreground extinction component is re- 
quired. 

4. With an observed K magnitude of 12™7 in the central arc- 
second and a distance modulus (m — Af ) = 31™3, the ab- 
solute K magnitude becomes — 18'"6, not corrected for ex- 
tinction. Large reddening corrections, as would result from 
the use of the "mixed" reddening curve, must thus be con- 
sidered unlikely. 

5. If the blue (J — H) colour of the eastern bulge is due to 
a young stellar population, the reddening vectors in Fig. 5 
should begin in the rectangle marked "bulge". The red- 
dened points along the disk then lie very closely to the 
screen extinction model, indicating a gradually increas- 
ing foreground extinction, as expected for a circular disk 



seen edge-on. In contrast, in this case the mixed extinction 
model has great difficulty explaining the gradual reddening 
towards the nucleus, producing colours that are too red in 

{H - K). 

6. Finally, Fig. 5 shows that for dust mixed with the stars, the 
nuclear colours cannot be reproduced even in the limit of 
infinite ry. Furthermore, the remaining colour difference 
J - H = 0™23, (H -K) = 0'?37 cannot be reproduced by 
dust emission for any temperature below the dust sublima- 
tion temperature. This problem is even exacerbated if the 
bulge contains a young stellar population. 

All of these arguments indicate that the extinction towards the 
nuclear region is dominated by foreground material. We will 
therefore in the following assume foreground extinction exclu- 
sively. 

4.2. The central region of NGC 3079 
4.2.1. Hot dust 

The JHK colours alone are insufficient to uniquely separate 
the effects of extinction and dust emission, as the observed 
points in Fig. 5 may be reached by different tracks. They do 
constrain, however, the range of admissible parameters. 

On the one hand. Fig. 5 shows that the screen extinction 
limit for the central position is Ay < 7™5 at arbitrarily low 
Td. For the other positions, the limit is even lower On the other 
hand, for a dust emissivity oc A^^, dust-mixing curves with 
temperatures Td > 1000 K yield colours too blue in (H — K) 
to explain the observed colours of the central position for any 
extinction, i.e. they pass to the left of the central point in Fig. 5. 
As that figure shows, somewhat higher dust temperatures are in 
fact allowed for the other positions, but in the absence of star- 
burst activity, we consider it unlikely that the projected cen- 
tral 250 pc is cooler than its surroundings. We thus find that 
Td < 1000 K for the center of NGC 3079. The photometry by 
Lawrence et al. (1985) in a 6" aperture provides an additional 
constraint. Their observed {K — L) and {K — M) colours are 
very close to reddening lines originating in the "bulge" point. 
A non-negligible dust contribution, required by Fig. 5, is there- 
fore possible only for relatively high dust temperatures that 
likewise bring the dust-mixing line close to the reddening line. 
Taking into account the fact that Lawrence et al. (1985) were 
pointing off the true nucleus, their Fig. la suggests that, were 
they properly centered, the L and M magnitudes may be lower 
by at most 0™14 and 0™43 respectively. The resulting colours, 
(K -L) = 0'"75 and (K - M) = O'^TQ ± 0'"24, imply that flie 
temperature of dust contributing to the near-infrared emission 
of the center must be between 800 K < Td < 1400 K. Lower 
temperatures leave no room for a significant dust contribution 
at K, and higher temperatures produce colours too blue in 
(if-L) and (iiT-M). We thus conclude that Td = 900±100K. 
A similar result was obtained by Armus et al. (1994) who con- 
cluded from their L' and 11.7/xm measurements to the presence 
of significant amounts of hot dust with 300 K < Td < 1000 K; 
in this respect we also note the absence of cold dust emit- 
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ting at far-infrared wavelengths throughout the inner 1.5 kpc 
(Braine et al. 1997). Finally, with radiating hot dust contribut- 
ing to the near-infrared emission, especially at K, NGC 3079 
exhibits characteristics similar to those of the Seyfert 1 galaxies 
in which Kotilainen & Ward (1994) found significant contribu- 
tions from dust radiating at temperatures of 600-1000 K. 

Limits to the contribution of radiating dust to the emis- 
sion at 2/im may be estimated from the deep CO-band absorp- 
tion evident in Fig. 2 of HIGW. Comparison with unreddened 
late-type stellar spectra by Arnaud et al. (1989) and Lancon 
& Rocca-Volmerange (1992) suggests that up to 25-30% of 
the emission from the central 3" x 3" may be caused by dust. 
By assuming ;. the intrinsic colours of the stellar population 
to be those of the typical bulge in Fig. 5, ii. a constant dust 
temperature = 900 K across the nuclear region, iden- 
tical (foreground) extinction for both radiating dust and stars 
and iv. no effect of scattering, we estimate from the observed 
J, H and ii'-band fluxes a peak extinction in the central 1" 
pixel of Ay = 6™ ± 1™, with a ~ 40% dust contribution in K. 
The 6" X 2" inner molecular disk region has somewhat lower 
mean values Ay = 5™ ± 1™ and a ~ 30% dust contribution 
to observed K. Both values are similar to the nuclear extinction 
T{Ha) ~ 4 estimated from the Balmer decrement by Veilleux 
et al. (1994), which provides further support for our conclusion 
that the extinction occurs mostly or entirely in the foreground. 
If the radiating dust suffers less extinction than the stars, these 
conclusions remain unchanged, but the dust contribution to the 
emitted (deredermed) radiation will be proportionaUy lower. 

The dereddened peak stellar surface brightness is of the 
order of = 2 x 10^"' Wm^^ /xm~^ sr^^. Further analysis 
shows that the stellar light distribution has a halfwidth of 2" 
perpendicular to the major axis, and 3" along the major axis. 
Within the errors, the extent of the hot, radiating dust emission 
is the same, but its centroid appears displaced from the stellar 
centroid by G'.'5 to the west. The integrated hot dust emission, 
corrected for extinction, is Fx = 3±1.5 x lO^^^W m~-^ /itm"^, 
corresponding to a luminosity A'kD'^\F\ = 6 ± 3 x 10^ Lq. 
This is 8 ± 4% of the far-infrared luminosity of the nucleus 
and 0.3% of the mechanical luminosity of the modelled nu- 
clear wind (HIGW). If the dust extinction is lower, these values 
decrease proportionaUy. 

4.2.2. H2 kinematics 

In Fig. 6 we show three position-velocity diagrams along lines 
parallel to the major axis of the total H2 distribution at PA = 
157°, and offset from one another by I'.'S. This diagram in- 
dicates, again, the presence of two H2 emission components: 
a bright central component with a large velocity width super- 
posed on weaker emission which clearly shows rotation with 
approaching velocities north-northwest of the nucleus. The 
bright H2 component can be identified with component CI in 
the H I and OH absorption maps published by Baan & Irwin 
(1995), while the weaker emission corresponds to their compo- 
nent C2. Their component C3 has no counterpart in our images. 



Fig. 6. Position- velocity diagrams of H2 emission along lines 
parallel to the total H2 major axis (PA = 157°), integrated 
over 1" strips perpendicular to the major axis. South is at left 
(negative position offsets), north is at right (positive offsets); 
zero position is that of peak integrated H2 emission. The mid- 
dle diagram is along the line passing through both the H2 and 
the 2.1 /Ltm continuum peaks, i.e., through the midplane of the 
disk. The upper figure is along a line offset from the midplane 
towards the east by 1'.'5 (projected distance 130pc), and the 
lower figure along a line offset from the midplane to the west 
by an equal amount. H2 contour levels are 1, 2, 3, 4, 5, 6, 8, 10, 
12.5, 15 and 17.5 in units of lO'^Wm'^ sr-\ 



The bright central component has a FWHM diameter along 
the disk of 2'.'6 (225 pc) and a broad, flat-topped velocity distri- 
bution which agrees well with the H2 w = 1^0 S(l) spectrum 
obtained by HIGW, who found a trapezoid shape for the line 
with FWHM = 560 km s"^ The H2 distribution in the lower 
two panels of Fig. 6 does not show evidence for the velocity 
gradient of 6.25kms~^pc~^ (500kms~^ arcsec"^) assigned 
to component CI by Baan & Irwin. If anything, the H2 data 
suggest a much faster rotation of order 15 kms~^ pc~^ in the 
opposite sense, i.e. velocity higher in the north, lower in the 
south. We suspect that Baan & Irwin may have been misled 
by the blending of the bright component CI with the weaker 
extended component C2 (see their Fig. 3 and see also Fig. 2 of 
Veilleux et al. (1994). 

A qualitative estimate of the velocity width of the S(l) line 
as a function of position can be obtained by dividing the to- 
tal H2 emission by the central H2 "channel" only. This shows 
that the H2 velocity range is smallest in the midplane of the 
disk, and increases away from the disk towards the east (i.e. 
in the direction of the conical outflow), and also somewhat to 
the west. The situation in NGC 3079 appears to be similar to 
that in the central region of NGC 4945, where Moorwood et al. 
(1996) found that the H2 emission covers the surface of a hol- 
low outflow cone coated on the inside with Ha emission, that 
presumably plays a role in the coUimation of this outflow. 

The more extended H2 component, which is seen at up- 
per left and lower right in the central panel of Fig. 6, ap- 
pears to rotate in the regular sense, with a velocity gradient 
of 1.2kms^^pc^^ (105 kms~^ arcsec"^). This is somewhat 
steeper than the gradient of the rigidly rotating CO compo- 
nent (Fig. 5b in Sofue & Irwin 1992) which extends to about 
10" from the nucleus, but it is identical to the gradient deter- 
mined by Baan & Irwin (1995) for component C2. The H2 
position-velocity diagram in the top panel of Fig. 6 (east of 
the midplane) repeats this pattern for the now less bright ex- 
tended emission. In contrast, only very weak extended emis- 
sion is present in the position-velocity diagram offset to the 
west (Fig. 6, lower panel), where extinction must be consider- 
ably higher, especially if part of the emitting H2 is outside the 
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midplane of the galaxy. The rotation of the extended compo- 
nent implies a dynamical mass of 4 x 10^ Mq within 230 pc 
from the nucleus, or 80 Mq pc~^. 

4.2.3. Structure of the central region 

We are now in a position to combine the structural information 
from various observations. In Table 2 we have collected the 
available size information. In the data discussed so far, three 
significant scale sizes can be identified. 

1. The inner region appears to be a cavity filled with bulge 
stars and edges traced by the bright H2 and hot dust emis- 
sion. It corresponds to the ~ 120pc radius hole in the 
CO emission noted by Sofue & Irwin (1992). As fflGW 
noted, such a cavity is required by the model of Duric & 
Seaquist (1988), in which it represents the central volume 
swept clear of molecular material and dust by the strong 
outflow from the galaxy nucleus. At the interface, rapid ro- 
tation prevails. Both the near-infrared images and the H2 
channel maps suggest that the inner outflow of NGC 3079 
contains excited molecular hydrogen and hot dust, presum- 
ably swept away from the inner molecular disk by the im- 
pacting winds. 

We propose that the relatively intense H2 and hot dust emis- 
sion both arise as the result of the impact of the nuclear out- 
flow on dense and dusty molecular material at the interface 
between the central cavity and the molecular disk. The ob- 
served integrated intensity of the bright v = 1— *-0 S(l) H2 
emission component alone is 4.5 x 10~^'^Wm~^; correc- 
tion for extinction raises this value to '--^ 7 x 10~^^ W m~^, 
i.e. to a luminosity is(i) = 7 x 10^ Lq, which in turn sug- 
gests a luminosity in all H2 lines of about 10^ Lq . The more 
extended diffuse H2 has a dereddened luminosity about half 
that of the bright emission region. Thus, the molecular hy- 
drogen luminosities we derive here are about a quarter of 
those found by HIGW, partly because of our lower ob- 
served value and partly because of a lower derived extinc- 
tion. This relaxes the already low efficiency requirements 
discussed by HIGW even further, so that there can be no 
doubt that the impacting winds can indeed easily explain 
the observed molecular hydrogen emission. As the esti- 
mated total H2 luminosity of about 1.5 x 10^ Lq is forty 
times lower than the hot dust luminosity of 6 x 10^ L©, 
the latter obviously poses a more critical efficiency con- 
straint than the H2 luminosity. Although the dust efficiency 
requirement appears to be compatible with models of the 
type proposed by Draine (1981) it is, however, difficult to 
quantify this in the absence of further data. 

2. The inner molecular disk extends to a radius of about 
300 pc, where its thickness has increased from 70— 150 pc 
to about 400 pc, suggesting an opening angle of about 110°. 
Excited H2 and hot dust are found throughout the disk but 
at intensities much reduced from those at the interface. 

3 . More extended emission from warm dust and molecular gas 
traces the cooler outer parts of the molecular disk out to 



radii of about 1 kpc, after which the emission merges with 
the low-level emission from the main body of the galaxy 
(see Braine et al. 1997). This cooler material extends to dis- 
tances of about 400 pc from the plane of the galaxy. 

4.3. Molecular gas in NGC 3079 

4.3.1. Relation of CO emission to H2 column density 

We may connect the total hydrogen column density iVn to red- 
dening and CO intensity by the following relations: 



A^H = N{m) + 2Af(H2) = 5.8 x 10^^ /g E{B - V) 



and: 



A^(H2) = 2 X 10^Vx/(CO) 



(1) 



(2) 



where /g and /x are the factors by which respectively the gas- 
to-dust and the CO intensity to H2 column density ratios in the 
center of NGC 3079 differs from the canonical values; E{B — 
V) is in mag, I{CO) is in Kkms^^ and is in cm~^. Our 
choice of both /x and /g is such that they will be less than 
unity in environments with metallicities higher than those in 
the solar neighbourhood. 

Baan & Irwin (1995) derive for their extended component 
CI an H I absorption column density N{U i) = 3.3 x 10^^ Tg, 
where Tg is the unknown H I spin temperature. For the same 
extended region, we find a mean extinction Ay = 5™ corre- 
sponding to E{B — V) = 1™6. Considering that extinction and 
HI absorption sample only half of the line of sight sampled by 
CO emission, we obtain: 



3.3 X 10'^ Ts -h 2 X 10^" /x /(CO) = 9.3 x 10^^ /g 



(3) 



^From Young et al. (1988) we find that the central 8" (695 pc) 
yields a J=l-0 CO emission signal /(CO) 880Kkms-\ 
so that: 



/g = 0.36 



100 K 



19 /x 



(4) 



First, we obtain from this equation an upper limit to the spin 
temperature Hi associated with the extended component CI 
by assuming zero H2 colunm density towards the center: Tg < 
275 /g K . If the gas-to-dust ratio in the centre of NGC 3079 
is less than that in the solar neighbourhood (/g < 1), the 
limit on Tg becomes more stringent. Second, since Tg > 0, 
we find /x < 0.05 /g, i.e., even for a 'normal' gas-to-dust ra- 
tio (/g = 1) CO luminosities in the centre of NGC 3079 cor- 
respond to at most a twentieth of the H2 colunm density we 
would obtain by applying the 'standard' Galactic conversion 
factor. The conversion factor appropriate to NGC 3079 is thus 
-'^NGCSorg < 1 X 10^^ /g /(CO). This value is also an upper 
limit because the value of /(CO) used here applies to a larger 
area than used for the extinction. For low gas-to-dust ratios 
(i.e., /g << 1) and reasonable spin temperatures, /x and con- 
sequently Xngc 3079 rapidly become small. Conversely, CO- 
to-H2 conversion factors similar to that of the Galactic disk 
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Table 2. Sizes of emitting components in the central region of NGC 3079 



Component 


Tracer 


FWHM diameter" 


Reference 






major axis 


X minor axis 








("x") 


([pc X pc) 




Inner region 


bright H2 emission 


2.7 X 0.9 


235 X 80 


this paper 


(Cavity) 


hot dust 


2.9 X 2.0 


250 X 175 


this paper 




CO "hole" 


2.5 


215 


Sofue & Irwin (1992) 




stars (i^-band) 


2.8 X 2.2 


245 X 190 


this paper 


Inner molecular disk 


diffuse H2 emission 


6.0 X 2.5 


515 X 220 


this paper 




CO core 


7.0 X 4.5 


610 X 390 


Sofue & Irwin (1992) 




strong extinction 


7.0 X 5.0 


610 X 430 


this paper 




warm dust peak (0.8 mm) 


< 8 


< 700 


fflGW 


Outer molecular 


extended CO emission 


25 X 10 


2200 X 870 


Sofue & Irwin (1992) 




extended moderate extinction*" 


14 X 10 


1200 X 870 


this paper 




extended warm dust° 


21x < 8 


1850 X < 700 


HIGW 




idem 


17 X 10 


1480 X 870 


Braine et al. (1997) 



corrected for extinction and finite resolution 
approximate values 
" after subtraction of "ridge" component 



(/x = 1) are obtained only for very large gas-to-dust ratios 
(/g > 20). Such large gas-to-dust ratios are more characteristic 
for extremely metal-poor dwarf galaxies than for the centres of 
spiral galaxies. These results are rather constrained and point to 
low values of both the H I spin temperature and the CO-to-H2 
conversion factor X for a large range of acceptable gas-to-dust 
ratios. 

A low value for the CO-to-H2 conversion factor is con- 
sistent with the 'discrepancies' between H2 masses derived 
from CO and from submillimetre observations, noted in Sect. 5 
of HIGW. Moreover, a rather similar result has been derived 
by Braine et al. (1997). On the basis of their 1.2mm obser- 
vations, they arrive at a conservative estimate Xngc 3079 ~ 
3 X 10^^ /g /(CO). There is some evidence that within the cav- 
ity, the nucleus itself is surrounded by a high-density, parsec- 
sized accretion disk. Baan & Irwin's (1995) component A ex- 
hibits a high value Nu/Tg = 2 x 10^° cm'^ R-^ Trotter et al. 
(1998) argue that this component is part of an inner jet emanat- 
ing from a heavily absorbed nuclear engine, and that this nu- 
cleus is surrounded by a turbulent and presumably dense disk, 
2 pc in diameter and traced by H2O maser emission. The nu- 
cleus may thus suffer a much higher extinction than the ex- 
tended region CI. This does not change our results, because 
both our extinction and the HI absorption value used do not re- 
fer to the nucleus, but to the material in front of the extended 
cavity. In addition, the proposed circumnuclear disk has a very 
small filUng factor with respect to the 8" region sampled in CO 
emission. 

Even if the actual extinction were to be higher than assumed 

by us, we would still require the conversion factor X to he 
much lower than the one applicable to the solar neighbourhood, 
although the constraints on spin temperature would be much re- 
laxed. Finally, we test our result by calculating the extinction 
towards the extended central region required by Eq. (3) if /x 



and /g are both set to unity (i.e., Galactic values for the CO- 
to-H2 conversion factor and the gas-to-dust ratio). In this case 
Eq. (3) changes to the expression E{B-V)= 0.0057 + 30, 
so that E{B - i=s 30 and Ay w 95. This value of the ex- 
tinction, although possibly appropriate to the very nucleus, is 
clearly ruled out for the extended circumnuclear region sam- 
pled by our data. This underlines the robustness of our conclu- 
sion that at least the CO-to-H2 conversion factor in the centre 
of NGC 3079 is substantially lower than the Galactic value. 

The nuclear activity in NGC 3079 may be responsible for 
the apparent, extremely low [H2]/[C0] abundance. Theoretical 
models by Neufeld & Dalgarno (1989) predict that this may 
occur in regions exposed to dissociative shocks. Behind the 
shock, most of the carbon will be incorporated into CO by gas- 
phase reactions, but the catalytic formation of H2 is severely 
inhibited if the essential dust grains are heated to temperatures 
of the level we propose for the inner parts of NGC 3079. As a 
result, [H2]/[CO] abundances may be depressed by one to two 
orders of magnitude. These theoretical predictions at least pro- 
vide a consistent framework for the interpretation of the phe- 
nomena observed in the central region of NGC 3079: the pres- 
ence of fast, energetic nuclear winds, shocked molecular hy- 
drogen, hot dust and an underabundance of molecular hydro- 
gen with respect to carbon monoxide. 

4.3.2. Gaseous content of NGC 3079 

Comparison of the interferometric and single dish CO data sug- 
gest that of the order of 35 to 50% of the CO emission from 
NGC 3079 finds its origin in the inner molecular disk within 
500 pc from the nucleus (Young et al. 1988). However, in the 
preceding we have presented evidence for a relatively small 
amount of molecular hydrogen associated with the bright cen- 
tral CO emission. As the main body of NGC 3079 may well be 
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characterized by more "normal" CO-to-H2 conversion factors 
(e.g. Braine et al. 1997) we cannot conclude that most of the 
molecular mass is concentrated in the central region. 

Scaling the molecular mass estimate by Young et al. (1988) 
to our adopted distance and our estimated CO-to-H2 conversion 
factor, we find for the molecular disk a mass M(H2) = 8— 12x 
10^ Mq, or 2 - 3% of the dynamical mass. For = 100 K and 
X = lx IQis, we find a mean ratio M(H2)/M(Hi) = 2.7, 
characteristic for an ISM dominated by molecular clouds. For 
the rest of the galaxy, Young et al. found a mass of 8 — 10 x 
10^ Mq which reduces to 2 — 3 x 10^ Mq after scaling to our 
adopted distance and a "normal" conversion factor of 2 x 10^°. 
This is 25 times the central molecular mass, and about a third of 
the Hi mass of NGC 3079 (Irwin & Seaquist 1991). Including 
heUum, the total mass of gas in NGC 3079 is 1.5 x 10^° Mq, or 
about 10% of its total mass (cf. Irwin & Seaquist 1991). Such a 
fraction of the total mass is characteristic for late-type galaxies, 
as is the mean ratio M(H2)/M(Hi) = 0.3. We note that our 
molecular gas estimates again are very similar to those derived 
by Braine et al. (1997) under different assumptions. 

It thus appears that the molecular hydrogen content of 
NGC 3079 is not exceptional compared to that of other late- 
type galaxies. Rather, the emissivity of CO in the central 
molecular disk is unusually high. 

5. Conclusions 

1. The central 20" {R = 1.75 kpc) of NGC 3079 exhibits a 
large range of near-infrared colours, representing a vary- 
ing combination of intrinsic stellar colours, scattered stel- 
lar light, emission by hot dust and extinction increasing to- 
wards the nucleus. As a consequence, proper interpretation 
of the observed light in terms of nuclear structure and com- 
position cannot be achieved by the use of photometry in 
multi-arcsec apertures, but requires imaging at the highest 
possible resolution. 

2. The nucleus suffers from significant extinction, even at 
near-infrared wavelengths. The peak extinction at a reso- 
lution of 1" is Ay = 6"^ ± 1™. The mean extinction of the 
inner 6" x 2" disk is Ay = 5™ ± 1"". 

3. The eastern part of the NGC 3079 bulge has (J—H) colours 
too blue to be explained by stars in a typical quiescent 
bulge, and provide evidence either for a 20% contribution 
of directly emitted light from young stars in the bulge, 
or a 20-30% contribution by scattered light from stars in 
the bulge or in the stellar disk. Scattering of power-law 
(Si, oc emission from a nuclear source is less likely as it 
would require a rather unusual intrinsic spectrum. 

4. The JHK colours show the presence of two or three dark 
lanes obscuring stellar light west of the nucleus. These dust 
lanes cause significant extinction of both bulge and disk. 

5. The colours of the central 3" (i? = 260 pc) are extremely 
red, peaking at {J - H) = 1™5 and {H-K) = 1^2. They 
can be explained by the presence of hot dust in the central 
region, radiating at temperatures close to 1000 K. The K- 
band luminosity of this hot dust is at most 8 ± 4% of the 



far-infrared luminosity from the central region, and ^ 3% 
of the mechanical luminosity that appears to be available 
from nuclear winds in the central region. 

6. Molecular hydrogen w = 1^0 S(l) emission originates in a 
compact source centred on the nucleus and elongated along 
the major axis, surrounded by a region of lower surface 
brightness. East of the nucleus, some H2 emission appears 
associated with the inner outflow seen at radio and optical 
wavelengths. It may represent material swept away from 
the molecular disk out of the plane by the impacting winds. 
A western counterpart is lacking, and the sharp cutoff of II2 
emission testifies to the significant near-infrared extinction 
caused by the galaxy disk intervening in the line of sight. 

7. The distribution of hot dust emission is practically identi- 
cal to that of the bright molecular hydrogen emission and 
just covers the central cavity observed in the CO distribu- 
tion. This morphology, and the kinematic information ob- 
tained from the H2 images, is supporting evidence for the 
nuclear wind model proposed by Duric & Seaquist (1988) 
and for the conclusions reached by Veilleux et al. (1994) 
and Hawarden et al. (1995). The H2 and hot dust emission 
appears to originate in dense material shocked by fast nu- 
clear winds impacting at a radius of about 120pc on the 
inner edge of a central molecular disk. 

8. The high-density inner molecular disk extends out to a ra- 
dius of about 290 pc. Cooler dust and molecular gas extend 
out to a radius of at least 1 kpc. 

9. The combination of extinction, H I absorption optical depth 
and CO emission places upper limits on both the H I spin 
temperature and the CO-to-Il2 conversion factor X in the 
central region of NGC 3079. For gas-to-dust ratios compa- 
rable to those in the solar neighbourhood, the H I spin tem- 
perature is well below 250 K, while Xngc 3079 is less than 
0.05 Xgs\. Notwithstanding the concentration of CO emis- 
sion in the center of NGC 3079, the central regions con- 
tain only a small fraction of all molecular hydrogen in the 
galaxy. The molecular hydrogen content of NGC 3079 is 
similar to that of other late-type galaxies, but the centrally 
concentrated CO appears unusually overabundant with re- 
spect to H2, possibly related to the nuclear activity. 
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